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IFT 3FR ET WT "t fE H 'E'd ^1 R-Kc) ■§', <=+>cnl E pHerl 

¥t^ t sfk faftr^Wi, ee! fsrfEERff et ee ^ft ti Meer e! ik ert 
fR ER <<2ld T? fE RTeJsff E fREJ iflR T? 3?R (erI E flTEE T?l 
all-l'K E EE fREJ ET RE 4lPc|<1 EFTE ET RR kfl El EE 
ET I|R fEEt 3ET ET E EEf eMi afpr EEt TRE EE PTHdRHdl ERt TET 
ETETI 


3 


3qqqft Tp qt qf qrqf 3TTW) RPt qt ttt Rqt #tl sfk 
3TTqqt 'Tpft qrtt 3Rqqt MiHIHl qt qff Rqt qftt STTfqi 

q>^ qfq tf 4 qst art t'l qqq qffqq qqt t fqrqf 3 ft q 
'ji-h ftFn qfqr ftRf 3 <H=bl qf t Rfqr qfqn <s«H=hl qf qt qqi 3 ft q 
q^qf ^tnt ftRf 3 <Hohl qf t ffqr tfnri 

sfk q$l ®iid qtqf qr qf rttr qRt 1 1 3rr str <4i| qfqi 
3-HMI qi$Cl I tt 3HH<=hl vS^ch 41^ 4hl sVll I qq 41^ 3qt H6d 4> 
qhff qr qt qfti msh <=)i<ri tft qqt nsd qt ttqf qt 414l q qqq 
oM i , snfti 

qq qq qjq qrqf tl 137 T? qqr qq qfqqn qqqn 3 qqr stt Rqt 
t? qr ftq qrqf q«qf rr qq^ qjq, qTRTT, fqqqt, qr^, ^gqf qr q^ 
4 ? 

3fr tqT qr eft qq rr qq qfq q>qr ft 3 ttr? 
hI^i qqqr ft qqqr <4l j ii qt qq qtf q-si 3R3jqT qqt <n j im *m 
qq-q-qrq q>q ftRj 41 qi q» qrf q qqr qq fqqqjRR qt sr^qi qqt 
mt qn 

41 q 'i qf qp? qq qfq srqq sqq tqr qft t - hi<?jh qqt qrqr 
^ti qq qrq fqqtrtR rr qq qfqr rr qrrRqRt 4 t qft rt qt qqq fqRt 
qqq ^ qqf q qr fqq 4 r qq RRqnq qqt ti 

qqrqqq ^ ftnf q^q qq qfRrf qt Rtq qqRqqq stR qfqf q 
qtt ti qfq qqr qftq qt qqr qrqq If 3 tqqtq qfRT qq qqqq wt 
qqt ti fqq qt 4 tqi qft qt Tqt ti 

fqftiqq tiqqfqqq ^ qqq^ ^q# 3fk t qqr qrq i 

dtlqy qff q^ qqq qq^f f , -tqqfw 7 ^ qqqqm t: ‘fiqq qrr 
■giqiq qrq tpqrft fqstt q ■gt ^ qqqqr q tqr qfnr, sfq qqt qiq 
qqqq qq qt qn^qfqfi’ 

wrq qftq qro qf fqr hjrh^ 3|r qfq, q qqqt 
fett q tq qtt ti qq srqqr q qq qq qqt ti qqqr^ sfR qfq 3ft 
tt t fqqq qqqq® 3fR qfq ^ qst fqqrqit ti 

qq^ 4)3 3 tr ^^cinci q him, «ih <=)i<h 41 qi 4f qR q qqi? 
fstfqRqq qqq qte (qfq) qqqt ^aqq qfqR qqq qRqT qn 
fqq qqq ^jqt 44 qtft fqt RFrt ti 

tqi qqm qi ^ 4 q qs?r qfq q q fqqr gqt tqr fR qfi 
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P44l '■Jcf RpR 4 41 Rd TgR-R-T|5 4 r |T3TT 4) I 3FTT TTR RRRT ■ j Jr4 4r 
4t ■HRid eft Rf4 qf44« 4 41 Rd F 3RR RR 4t TTRt yR>K R^R 4 

RRTR #tl 4t RRTRT t fe RRTR RTF RRF RTR, WW, '^ff, R7c4 
44 sTRTR 4t f4 RRTR TJR 4t4l 4 4 r fR 4fl 

4)RR RR TJeT RRl4 4 4 r 44 RTF RdRRbef RRR RTF) fl 
SdRil RRFR 1RRT 4 fRRT Rlg< Ri) HdR 4 41<=ld r 4 denied I 

TJRR -dHld 4 I4g,ld did RRRRR4 -ddd r4 RRRTRRT RTT rsI 

RRTR 4l 

1668 4 RRT yPlPlRdPl Rt4 ( 1626-1697) 4 fR 

RRRTRRT RTT R43TR RKd r 4 RFftl 4 ■Hdidl 4 fRT RTF 44 psRRT 4)R 

RF tfte RT 44 44 4f? 44 f?r4 FtS iff 1% RT FTRT RR Pd<2l4 4f R 
44 4t'l 4 r WR FT 3R|RR 44f 4 ^4t PdRidd 4t'l 

3Hdd RRTR 4 Idd, Rl4) 4 did 41 d RTT RTR fRR-fRR RTTR 
4 4dlWl 4 RsTT I RRR RTT R4dT RR 41 d fRTRT fRRR 1% ddd 4)^ 
RpR RRT R RT RTRI FR Rd4l RR 'tejdl Fl-SI fRRR fRT RfRRTRT Reid 4 
■gRRR 44 RT 4 r 7RBT 

RTF fRR Rldd R) RTR d|d Reldl 4 41 d ■H-Sd ddl, dd*T RR^ 
3TRT RRpt 4lT FRRT 'ijdd 'SJR^dld f4| RR TRS) 4 41dRR R4RT RR 
TRTdT RT RRF 31RT RR RtR 4t RTF ^ RFJRR RT R7 RRR ^JRR R#* 

«TI 

RRT RR^ FRT RP 3TR1R 4 ^RT Rf?) R^R 4? <Rsl 4 RR1 3^R 
RRRT RRR Rtf did! I RRR P4< Ri?9 RetRT 4 cTTRl 41 d RsTT I RRR RefRT RT 
"2R RT Rid-S Rit RlRpt RTRtl sRT RTdt 4 4 ■HI'-h RRT eft 3TRT e3fj TTRRlt 
4t RR^ RfRTsTRT R^l RRpRT? 4fe RTR RRT RR^ RRR ^p4 4 r RRt 
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FRANCESCO REDI 



MAGGOT EXPERIMENT 

’pFt ctiell y'-il'l 


fqwf -q^r WF ani Trfwff % 3ft ^ 3Tk 3fgf 

^ ‘g'Ft fidxrl Fp+teNI facr^crl d<Hl CKS 

^ftrd^if 3 iddiddl TOt tl 

RFTRnf '^FFT 3RWIT ^RT ^ TsTSF 8TTI 

^ ^ ^g RR ^WTf 

(RSsRiRfrq) 3 ^ Rfcff ^ ^rt ^sr t# ^i 
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T3=F FF %TTfFF FFF FF dfcH^ch (1632-1723) F 1675 F 
HISFFbN F Ff FF 7 J^*-m1c| TsTtF fFT fFFf 3TR5T TT Flit TTF FT 
FFF FI 3TTF TF ^ F)off FT TF TJ^FfM FT?T t'l #FT|F F 
TJSFFtfFF Ft M 3ftT FFf 3RT TJ^FFtfFTT Ft IFF fF FsTTI 

FT FfF TJSFFTfT FTT 3 3FTT? 3#7FRT FT FTF FF-TF F 
iflF FFT ^ Ft FF FTI FFT ^ 3# ^ FFTF ^? 

LIFE CYCLE OF FLY qwt g?T vflcHF* 

;(., <*»» 3# 



FT TJ8FPFtfFF FT F3F ^ %F fFFt FFTo F FTFTF FT FTST 
HmI T^'l 3FTT TF FTFt F IFF FTFTT FTtlFT (FF) P-MIFI FTF Ft 

tjstfM ff fttffi ^ff FFFt ftst ffT ^ FFfti 

TF TJF F Fp5 3FF fTf fFFFf Ft FFTF FT) ’tl TF FTF FT 
3TpR FF TJF FT 3FTT 3TTI FTfFRFlF F FtF FsPt Ft FFF FT^ 
TJ^FFtFt FR FT) 3TTF7tl FT Fit FTF ^T F1TF FtSF F FT FT 
TJ8FFtfFF ^ FF FTFFI 

FT FTFTFFf FFF Ft 3TFFTTWT FT FF 3FFT FFTTFF tl fF 
FF F F FtfFT TJ^FFtfFFT FT FFFF FTFT I FT FF FT FIF^ F FF t? 

FT TFFF t fF 3TTFFTF Fit TFT F TJ^FFtFt cTt T# FT I 3TFT 
FT ffcFFFF F TF TJF F fFT FF FT fFT FFFTt FTFTT FFFt FJF t) 
ftffTi 

TF 3TFFTFFT F FTt^FF F %F 1748 F Fstfol q^lPl=h FTF Ft 
FtfF (1713-1781) ^ FTF F FTF FF FT FFF fFTfl FFF TJF Ft FF 
FlfF F FFTFTT fFFF fF FFF FtfT FFt TJSFFtFt FF TT FTfl fFT FF 

f4 ft fttT frarffr f fff fTf ft ttTftft ft Iffi Iff fk ff 
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■dTH Retb -isll <rl I sftT TJT RT HISRlTRlH R 'll -cl R3TTRTT PbRI eft Rt 
T^rIM R mi RTI RR TRRTRyf RR Rt WE|M <£ TRt ^t RT 
^<rlM f=b ^1 - rIIIr 'Mef'i R ■Hl<rM < T ift-t R R1R OT1 o|i6T Tt Rp3 Pki 
RR am 

RR ^TfRT Rt RT RR R 3TTTRR RT Rt RT R^fft RitdeWlRHl 
( 1729-1799) I RR 'ffgT R ?JR3TR R TTR TJSTRftfRR Rt #R RtR R 
■i^d fRRT zfj2 RR RT RtTR Rt *H ^T R firm. BRRTT RTI 

R^R#RRpft % RT RTR Rt ^RTTT RTTriRTI 1768 R RR TR 
RT 3TT*t R2 RR BRTeTTI RTR RTR RR Relb RT TTteTRR fRRT I RTR RTR 
RI5 fRcR fRT R RR RR Retb RT TsttcTT RT RTR RR Rt TJSFRftRt 
Riff fRRTTI R^R#RRPTt R 3RJTTTT 7?RT 7RR TfSTRTtRt tfr^ f sftr TJR 
R fRR TJRRftfRR RT R# RR tl 

R^R#RRpft % RR TJ^RRM Rt RRRRRTR R RfR 
RTR-RTR Rt sflT RTRT fe RR TJ^RltRt Rt RtfReT TJSTRftfRR R RReTT 
tl RR Rtf 3ft R#‘ ^1 TJ^RM RR Rt RR R RB RR ^1 RT RRTT 
RTRt WTT R RBteRTt Reft aftl 



THEODOR SCHWANN f RRl-^K RRR 

RT RRT 1>RT Tf RT TTRR TJ^rM eTTR TRT t? RR RpR 
^iPHR fRRtstT RRR (1810-1882) 3 RT 3TRR1RTT RT RftSRT fRRT I 
RR Rt R^T#RRpft ^ # RTPR Rt RTT7TT RT RR RefR Rt TfteTRR 


R?) ftvMI I RIR RT 'goTT R RSTlfRl 'fe^TTI d*H sRT tT3T 

RT <2[®l iFf f^Rfl Pd<H<l fe dyd tfr^5 ■gSrHvsfloTl ■§! ^tttt I 
RR idM Rt ■g^-i'Jilql R3R Rf) 3TFTTI 

^ ^iPHch! R 3RJRK WR 3 ^ ^ TRWJif RR 
WTCTnf RRT RR ^tl 'RR RT T5ET dlMHId RR M RR R 

C\ 

W R RR RR R WI ^tl RRR R1RT RR R 3R ^1 R#' 

R T# ^fl 



LOUIS PASTEUR xu^R 


fRR ■qftem ^ %R RR WRRRRRt e|f RTRR (1822-1895) 
% y=h ddl SRld Phdl I 

d<Hd '<JR R7T <s|§cl % RR d®llell RR RR) d’Hdi RTRt RJSrH '^fl <=Tl 
RR tO tjiti p+>< d<Hd ^JR RR y,d-> RFRt 3Tk ■HdvO d^i qi<rl wiwi R 

<<211 1 dell’W'i Rit d^d H6<rl v5r>>-K '3l|ch< P+K MRi 3Tk gcfidl 3^ P+K 

RTST vinH< dddl - <1<) 1% ^Hil'Jll RTT 3T^R ‘TJRf’ 3H Hdl did RT ekl 1?)l 
1JR d-SI RtR R RTR d'-sl 6dl T fRlRF) Rt el *41 dell <1 5 ) did ^JJT 
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cT^i '’TfTSf ■Hchdl arTl 3FR sT^T *¥ qfff HScol^I cT?q iff?! eft ^ 3TW 
<=hKHIHI Rteldldl 

W: qqft 3 ^ ^Ted ^TT 3q^T 3TT qp^eft aft I qNjq ^ ^ 
Cb u l 'Idl ■H'pi ^ Pl^ed ^TPT q 3Hdch WeT ^1 HR-cK qft <rl J II fe 
3FR ^T 4 eft ^ ^ ^Hiff W qT«T f%TW ^ qt q# 

qft M 3ts^ wtTrti %n qt ^3 tt afq qjq q qftf ffcr qqf 

f^l eqq -qr^r q 14 ^^ qf) q^T eM eM q^T ^ qTq ^ft ^T cT^F 
q| 3rtr qqq eiqq qj^rsMt ghi qpq inq 

wqq ^ wft w qiq qqqqqqf qqq qft qqqquTT qq qqqi 

qr %q qfeq jTSTTI qqp qrfq %Tfqq ^V>+ fqqfq (1821-1902) % 

wqq ^ qqfq ^ qnq qfqq ^ qrq %sn, ‘qfqq qq qtqq q qt ffcr 
qqiT tr qqqq qre; q ^iPh+ qq fqqq qft qiqq qp)i 
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2 sPT-fsfcFRT ( IJ.ciV-JVH ) 


ttFF F tFFT ttFF F FFFT FTFT t FT^ TTFt ttFF, FTFFF 
F^F Ft tfFF 3 ^FFFT tl FTctf FT FFFTT fFrt Fft t tfr fttFl, Ftf 
WeFTF! FF '^FF tt tl <KpFdM FTO Ft vKP'Tdlt FF '^FF tt tl 
ijl^yt ^tFTT 3# ttt t ftf t ffg FTTJFjt PdFidd tl FlfT t tf 
t tkn tf krff t ft[ tf "^ft tt ti 

FT ttFT, FPTFT FT TJ^Ftft tt 3TFF tt 3FF tt, 'FTFFT FT 
TJFTFtkt tk FTTFT t Ft FFT FFTTT Ft TTFlft FTF 'FTFT tl 

F^FT Ft FFFT F^T TFTTft t FTFJ FTfFFT Ft FT FFTftf t - 
FTFTtF tt STFFFTf FTttl FTFTFFft" Ft FtF, ftfFT Ft 3TT3, FffFfFFT 
Ft Ft, fFTTjtf Ft 500 sfrF 3FF Ftf Ft FTTk 660,000 FFTfFFT tl 
^iPlFiT F FpT fFTTTFTT FF FTRsT 3TFFT-3TFFT FFTfFFT Ft 
TFR Ft tl FFF 3TFTTFT FTTFF FF TUTsT fr Ft - FFF STfFFTFT ft 
ft fr Fite FFF Fft ftlFt 3TFt TsTFT FFt fT^ FI 

FF FTTTTFT F tfFF tt FJF |FTT FTFT, IF FFfTF t %F 
tFTfFFF FF FFFt FTFTFft FFFt FFt FTFtl tF TTRsT ffT-ffT ft 
tt ffFFF F 3TTF FF FK t Ft FFTF 3TFFTTF FFf tttl 

FFT FF FFt FFTfff F?F FTF FpF l|f ? F?F Ft T«T1F FT? FFT 
Ft FTft tt? FT ftT FTFT FFTfF t TTTFF f*FT-f*FT FftftrfFFT FT? 

FT fFFFTTT f*FT FFFt FTct FFTfFFT 3TFFT F FF^FF FFFT FFf 
Fft I FT^ FFTfFFT fFTTFTT F^T FFTFTF FFTFt t, fFTT FF FFTTFF 
fFTTFTT F^T flT TFJF FFTF t t[T FF FTF fFTTfFFTT 3TFT FTJFT tl 

FFTFFF t %F FfFFT fr dlH Pot Ft 3TFFT FFTtf Fit t, 
FT 3TFTT F FF 'FTFFT FfF FTFFf F ^tf t fFTTF-^TTF tl tr, ttt, 
t^F ttr %3FT TTFt fttt tt fttf tl ^t, fFftTFT tt ftlF FTk 
ttF FT^sff, FtfFTT sftT ^TTT^TIF tt Ft FTFTFlft t 3flT fFfTTF t 
FTFTFTTt Ft ttt F 3rt tl 

FTFlFlTt t IfmPIcI Fit TsTTF Fit - FTTFTTFTTt ttF Ft tl FFF 
FF, fFTF, TsITFtFT, 3TTt FTTfFTT tl FT FTFFfSTFT Ft FTF Ft IF 
FTFFTf t FTTT Fft t, Ft TFF FTFT t tfT F ftFjt FF ^t-H tt t 
atrr Ft 3TFFT \F fFFTlt tl FF FFFT t ttF - FTTFFFltt sftT FTFTFlTt 
- TFFFlt ttF FTFcTTF tl 
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far qfd 7717 ■qf^FTT, 'H-O'HmT sfk wf^pff qt tt ydlPddl tl 
377777 f t WHMI^ dtf t ■qr ^festl W, qTTTR WHMI^ 3 focTt tl 
37k ■Kmk ^Tt Tte qt F-stl did di$Cl tl 



d<)HM ddel k Mdd qftdT t) d J iTd->7 u l q7 q|pT d-ild Ttt ‘gSTT I 
TRtJ 1660 tf fkfoq y<£Pddl-{l RH } (1628-1705) t ^ 37Sqqd 
tr 18,600 3FFT-3FFT 7Rf717 ^ trkf ^TT dJ|kb7d f^TTi ^ q qqq 
^t tf TTJ^T t dlil I 1337 77TJ17 t" qq7-kkl offd tlk ®)l fTk 7T^ tf 
tt-dld did tik 2)1 

1693 f Wd 7 t dlddlT ^TT tt dJpdild kfTqn ^<|^<u| ^ %tt 
■STT d 7|7 did sfk Pddl 7<g7 did 'dl-ldPl k) tl 7T^ ddmj 7g7 'dTd 
dlddlT ^71 WT t^-7f7, ^t-R^7, #7-7f7 37Tfq W 377*717 q7 RW^tt tf 
dldl I 

fTO tt Hdcd^I WT aiT 7-dlPid U^PddKl ^TteTTT dlPldTl 
(1707-1778) ^71 1735 t* ^#7 q<77 TJTTT^T %# f^TTO ^tH qT^sft 
tlkf 3f[7 dlddlT ^71 djflddd feqil ^#7 q<77-77t7H ydlPddT ^37 TJcf7 
qt TTO?’ ‘kklTl’ f 77sn, Tm-^FTTT qt itPHdl f, 3lk TTR-'lPodl ^71 
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3nfe fe, ajk Tfe-ntTH 3nfe fet ‘nmn’ 4 Wl 


fefenMnro 


CAROLUS LINNAEUS 

RF fe nTfet 4' TTSfT fen ^ifncb nfe nrfe ( 1769-1832) 3 
fer-fefe ‘cMlffen’ ' '•bWdl’ TTR^ RFm felT HH WTFT Tfe 
Tfe'l^fe nFRlI 

je nnrn: fe <=)jjTch<ui fe np- spe^i ot fen i fefe nfe 
feffe fefer fet feT fen nm fe nrnm nm an fe fenfe fe rf fen fern 
nrnm sni 

fen nn ?Ri fern nn fennr ani nm nm ffefe^m 3 fen an - 
mrmn, fefe fek fe nnrH nr nj^nfefnfe' fei mfe fenr ffennm, wtfi fe 
fen, Ft nmrfnn fe fe, Ft fe mfen feffefe fe fen fe fei fen 
fe fen 3FFT-3mFT feife-fekl nfenm fe fen - fe nrmnm 20 nrmr 
nfenfe fe nfent fei 

rnn femfferT fe fn ‘fenn fe fen’ fe nmn nn fe mnm nrm 
fe - nm fenn nn ffenn fe nrfe fe fefe fe nfe ?|3n? nm nfe 
nrnmfe nfe, nfenn mffe ffen '^nr fe fe nnfe mfe nrfe fe mmn 
fn? nm nfe nm mmfe an ffenfe mfe nfe nfe nfe? nm nfe 
nmfn fefe-feft nfe Rnr fe nfen fe nftnffen fe? 

Rnr nmfn fe fefe-fefe nnfe Rnr fe nmfn fe nnmfe fet 
rnnmmn fef nm-fnnnn nr fei fen n nrfe t’l 
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^ t fe wi ftsii tati t* 

tl MtPTT, fsrfo^PTI itt t 3TK ^Fjct, ^ T# tl ^ stddW eft 
cpcM Hid S'dK -Hid 1 JTRT 'll y=bK dR^ldt 'Hfjcl ^fWt ^Tpl t 

tft t afk Tdf ■qrg ^tr wff tl R^tf rf^t wi rfm tl 
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JEAN DE LAMARCK 

^fr^t <rlldHI'+> 

1800 R7 m ^ ^iPh* ml rFt fe mri Ra^t 
wr fiFft t afn: m 

wfm-fmRi (y,o|]^H) snm fsn ^qn cRfm t? 
^iPh* Ra^ft ^ 3TT^ R7T RRfa 460-RRte ^ TTH! 3TRF7T f| 

■qr m riwi 3ufepr cpjf ^ddl t? sfh m ^ Rf fe 
%1T ^PcTT ^ sflT R|7T 

?M r thth t afn m qfwq w %r mfcr wi ffcroTcn ti rt 

f^R Rt %TT RRT fRcTT ■§■? 

WB mCR ^Pd^ldl ^TT RT (dldHIdi 

( 1744-1829) R fdRlI 1809 3 m %# f^n=f 

TRlfTPff t} MRol^H RR RHsHWII SFpTR ^ ^41 3lk m^R 3m 
R sld'd'H t S^R m fmj 1RT RTT il5 u l <=h<d TH 
3dl5< u l flRR RRT 'S^l' R^R RiT, HpRcl'Hl dsTH c|l<dl flRR 

RR 3nHJ <ri J Pi hPcciri <2iH ^ PdR 3HHdl d'Pd RR (d'lidK <al"-dcii rscii ill 
sRTR afft-Rp); c)v(,ch d'H’dil J i>Pd Rajpft RRR Rf RsNf RR aPis) dJ-41 ■§) 
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RTltf tl RRpt R^ff RR RT Tjqsrf fsRRTcf t" fRRIR t 3?R RRRff R^R 
RRt rt-rtr r «M 3#^t rrr! tltf ti sfR rr RridHridi ^nrf wr 
cT^T, Rftt-RR-Rftf RRf RRR t 3?R d^ch rjr RT ftRR RR1 P^ki'+i tf 
R^tfRT tfdl tl fRf W 3RT yRlPdR'l RR, Rtf, tftf 3RfR tfdf tl 
RR <sj5 ski $iRhki fty, RR nRqcf'iT RR 41 q 3hhH r^srt RR 
RKWd R Rtf ttl dldHlt R RR-RK fRRR RTf^RR fRTRT 3?R RRRT 
RIRTI 

fRR Rtf' RWft RJ5TTR ftrfe^T y^Pddltl RTcRf ^RpRH 
(1809-1882) R fRRlI 1859 R RRTR RRT TJFRRT R 3Tfftfm 377RT 1#? 
RRR%R ttl RRR R^tlR ftRsTl fe fRRTt RR1 RRlft W 3TRRT-3TRRT 
RRRR, dddl RRi-fRf ff Rp3 3TRFT tft tl Rp2 R1TRR 3TfRR> RRTRTR tf, 
RR5 'jRIRI RR slsd tf, RR5 RR TR RRTT tf RT 3TR2T RT dIRi ^RTRl T^RT 

tfl 


rirRrrRr 

CHARLES DARWIN 
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3TRTpft 3 ftFFK qqd qitf, k q'-bddl^cRb cist cTT^f, 

^TFTf Rf 3T^t CHI' RsHd did, tl cT^i q® W T TH did dMdd Slfqqi 
■HHd cT^i Pd-qi <t4 s|k 3ddi] '■'did ■HdM $R il I ■cS'ldi d^dl f qf? TT 3 * * * 7 ! 
3Tqd 3TN 3TT W^, ddTfdi 3 kid qq Tjq 3Tqd dldd t TTRsT dtp d<d 

qr qTq % ^ tl 

qq fqqrfqqn qitt qqn il sfk ^q qqqr 3rqq 

dRdd ^ S^TrT fkf^FT ydlPddi ddddl Wt tl fqf*FT ydlPddi 
3FFT-3TFFT Pdddq-sfiq k 3qj?q qft WT# t - q^ tq 
^m\, q7® %cR cRtt k %qcff, ^P3 qqqq el^cff tl 

^kPdd qq yield’d) qqq 'gKT sFte-fk^PR qq ^g5M W 
T^TI kk-kft qq[k ^1?T k ^iPddiT qq qqpt qSJ q WOT fqtfl ^kPdd 
qr <d)i4d)id qr qiq qpqqr qq sk %qq qqiqr qqT 3k 3qq qt 
qrfqqr-Pdqqq qt WTOT qq wi qqft qkt ti sqq tqrfqqr w 
qiq qq q?qqq t fqr fkq ydiPddi 5 rt ydiPddi k qkt ti 


3 VH^STTTT oFT dldd 

dqiPld-i 3Tq fq STqqiqqT qq qFRT t ftr qftqT qt Tftt 
ydifddi srt ydiPddi q qkt tl qk fqqqrq t % t w qfeqT qq 
fqqqq PdoRui qt qikt ti 

tldd qjq ttt ti qiq qrqr qtq q kt fqrqt qq fkrqqq inq sk 
q qqt k qrq fwt q qq qq;i fqrq Rwt qjqqp qqsr ff sk qqk 
qiqqq qt wr, k^ti, qrqq sk qktf qt qqrk qft-qft t&k t 
wfti ^ Tdcskf ^tr i°rk Pd^idi w 3fR sttot 

T3Tr ^ ^rr tit fwni -wf ^ir tidily (^iRhchh) 
ti 

ktwr eft ^krtf tk ^ tt t^T-^krtf wi ■jnt ti 
^ ydiPdRi 3 tr -qk ^ wft ydiPddT k Pd^d f*FT ti qr tknqqf 
■sfft ydilddT qir dtqjq t qk qnt ^1# ydiPddT kk tt ^ 
wq t qrqiqi ^ qqqq ti 
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TOTOT TOT vHloll^H 

4rt 4k frosik toto 41to;toT toT rto ■'jk fM ti arro ^4 

RTO sFT 4 ■HTOTO TOR; eft TO? T>TO 44 'JlMoK k eftk 4 PnH<Ti 

3ft^ kk k tor 7§t: 4i totot to Rrok 4 totto-totto to? tottor ttr 

y^lPl TO <j<h{ 1 y^lPl TO 'sRdl 4k R-S I kl cl I TOTOT I 3^4 4 <rl*TO 44 TOR 
slk TOJTO TOt ■H'teHl TOTO Reft TO^I TOTTO TOT TO? TOlTOK, <rlH 4k sftl RTO 
7f[ W TORT fkt TO facbfyd f3TTI 

RTt TOTOR TOR kR=bW vjIHcrT TO TOtTORTO kt fTOTOlk f 4T TOTTO 
k krosf-TOksf to to? 4 4tfror ki to TOkroro to 4k torto to totto to 
totorrs tot fewfroff 4k fkak 4 to tototot tottor tor tost toti fro 

TORT |R ktTOTOTTO TOftTOTOT TOT 3TTTO TOT TOTTOftkk TO TOTO k TOTTOt t’l 

kk vjihcrT 4 4Ttorto kt frok t frorot toto4T r®. ferorofkTOf 
4k kiror 4k TOfkrot 4k toti ki tort torttot 4 4k to tott4 toTrto k 
rfrMTO ff ktkt 37 k 4f TOfkrot toT r4to 4fki 

4rt4to ktTOTOff toT tor tot arfkro TOikrot k rrtft tortr 

TOkl fsRT RiroTOTOTT TOt TO1TOTO k fTOsTk 4k TOT 4ft TO 4 TtoRR 

totTr 60 -toto to 4 grok fkroroi 

TOT RRTO TJTOf TO RRTOT TOT TOtf HIHITh^II TO TOT I TOT TOTOT TOtf 
torT, fkfkroror, totT, tor 37 k Rsfrorror kt tot kfi tot totot tosrT to 
TO fesrot tott to 4 4tro to! toi toto kt to t fro tot totot totoTto to tot 
TOTOT TOtf kt RTTOR TOf TOTI 
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rrt rrtr 4 4 4r hI^j5 4 4 rrjs; 4' Rl4 Rl4 4 4 r 
rrr 4 rr4 44r 7 44r 44 4 4 rrrr rtr iWdNi^y rti 

R«4 RR 4RR RR 44 RpRR ?|3R ft RTRfR 4 #R f4 3TTR 
4^5 4 rt Rra srft-srft y^iRi4 rr rwjhh r4 rrrr ^ f | 

3TR 4 4r4!-r44' rttr rirr r 4 4 w y^iRi-yT 4 sterrr rtr 4 

4 RTTRR am y^ RR RRR fRRF RTRI 

RR fg f4RR 4 4 RRTR tel I [44 t'l 
3TFR 4 ■Hid RRlte 4 y?<H 4 4 rT Rt dHIH yRlldHI 4 1 
rrr dWdNi^dRi rrr 4 44r 44 4 3 ttr r4 ^4 rt4 rt^ 44 4r 
rrrt y^iM r4 ^rrt 4 4 44r 4i 

■dlRdMIifdRI 4 dry led 344 44 Rff ft? f4‘ fH RTR 4 

STRRTRT RFTPTt RTftpi 

rtr4 rt4r 4rtrr r4rt rttr r 44 wr ^rtr t'l fRKt r«4, 
rtr 4 'jn4 4 rir4‘ 4 rftrr rrr ^rt ^tki prt 4 ti f44rp rrrtrr 
4rtr4‘ 4 r4t 4 r«4 rr 4rr 44 4 rrrtrrt ti rr 3trr 
diRdNi^dH 4 r4t 4 r*4 rr 4r 4 4 4 strr 4rtrr r4 r 4 
4= Rp? 


44 Rd fRRTO 



RR3TRTRT 4rtrr 44 4r RH<=kT 4 RR a4ff 4 RRR t 4 
3 rrr4 4 rrrr 4 r444t 44 f i 4 rwr rr 44 4 rr 4 f r4 r4t 
444 rt 4r 4, rt r4r strrt rtrr4 4i RTf4 4 rrr, 44 4 rt4r 
%r4 4 rr 4 ti 

4RR fRRRRT 4 RTR 4 Rf r4r RRT RfR RTR 4 4 F4<=bf4d 
fRI dlRdNI^dH 4 RRRf 4 f44 4 4 r r4 444 r 4‘ 4' dfR R 4 
f44 44 4 RRST RTRT4 f444R ft 4l 
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RT3 RIMS' R^ ^ -hKm-m'I Rt Rtf fRR^RR affl MtRl W, RMT 

sir Rtf afi tr^f sik mtrrr ktt sfrr ttt m rrrr rmir rt^ 

kl<=IRH Rtf Mfel RMlRd, ^RTR M RHR R£Rf RT rHrci RfMl R 
^RTRJRR oflqiuj tft - 41 3d M RR R|R silt dRdl RR RIR T^-'f^r Ri 

rtir ftRR r Rt met ttRTi 

SR MR M MtRRJ 3TRR RRddH MR R RRl-RRfRRtR tit tl 
41cHshH M fRRRR f RT[R MR R tf ^R RRfRTRR3ff R 3T1RR R S<=b<6l 
el=b< RfRRfRRDR mIrt RR MR fRRT tlRTI 

y,=b dH R>ld<2IS R> 41 dd M RTS ffk "RIrT R»t RcRfRT TTf 
fRRR RvRRT-RRRRT RRfRTRRR affl RR7 3TTR STTRRt R RRtR 
50,000,000,000,000 RRfRTRRR tfcff tl 

RR RfR Rift RRfRRRR RRrfRR tltf t RT iRR RRM RRST R 
fRRR RRRT M 3Ri oR^- f - ^ 3TRR, RTRRfRTRT, RR, RtfW sfk 


RTRRRR R> fRRRR Ri RJMSTRTt tfc R> RMT RFRt Rtf an I R 
RRt mE, RMT RRR-RnfRRfTR RffR af sffR Rt RfRlRRf Ri MR R 3Rpft 
RTff MTR Rtf SMS RTRI 

RRRtRlfSR 



RfR RFRlR R?aiR R tRTfRRR t ffk R[SR fRM RTR t 4f RT 3 R 
R RTTR '5RR RRTR R>t RRfRTRRRf 44 ddc) tl 

1965 R RRT 3RUl=bl tRTfRRT RRRf RR tIrrE ( 1915-) R 300 
RMS R^ M R?aiR t RR RRRT E TfSR-4fRTMT RTR tl 

3TTRRMT tRTfRRR RR RPTRT t fe ^aRf RT MfRR RR RRRR 
350 RROR Rt RRM RJM 13R| RR Rasft Mt 3R^ MRRT 100 RRTR Rt Rt 
TRt RtRtl RR R R«Rt R3 MtRR RRTOM Ml tl 
20 


41 q-1 RTT RJR |[3TT? RR 77 R rtt RRR 1 JScT t RR 

dNdlcllld'H R> ^3TRT R> Rif R ■HcllM 'itl ^?9d I 5HKI ■H<cd RT ■HcllM 
t: R«Rf R7 350 RRfe Rt ^ RT ^#fT3t R RtRR RTf RJR3RR 
%R RRTR lil 



2 BILLION YEAR OLD 
FOSSIL ALGAE IN CANADIAN ROCK 

2 fen r 4 RT RRsft 41<=IU>H (^rrgl 4') 


4 ^TCTR 3frr ^fckHch 3RRT 

3RK RRT y^ifti I4 th 1 fRft t [qRipHci ^ sftr 3TRT RRt 
yRlPdd'l 350-RTRR Rt RRR R 7 ^ RRT rM R RRR RRRt f RI RT 
RTRsff yRlPddT f 3RRR R RT® ■RHHdl RT RTTf tf RTftRI 

RRR RT? ■HHMdl tl RRf RtR sft; RR RtR Rjfrl-'tft 3T^J3Tf R?f 
RRf 'gTcfr tl RR 3RJ 3TTRR R fRRRR RRTFJsff RTT RCjR RRTR tl sik 
RRf RtRT RT RRTFJRf f 3TTRR R R7[R RHHdl RTRf tl ®ft RTRRJSR 
RT RRTR) RRRt RR5 ^tf, RRT RT Rtf, RSffrTRf, TJRTR RT tfRf 

3fR RJ^qf t fRRR-^TR tl RT® fRRRT fRRRRT t Rif R RRf Rf RT® 
3TRRTR t RT 3TTRRR R7 ^ifd+f R RTfRRT-fRRTTR RT R 8 J R RTTRIr tl 
1700 ^ RR t RRlRRRTfeTRT R RffRR Rtf RT RTRFJsff RR 
3RRRR%RTI ftrfoTT TlRIddlJlIRfl PdPdRH RT3R (1785-1850) t 1827 R 
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kk HRSI cHlt k sfrcil HSd k Hl-S sfk dHH-K sft, ^TR k HHI 

37k krr, 37k cfkk k <*>?9 kk T Rik k kt stk kt Rk k ■nks rrt k 
kk ti kkR ■Rk kt ‘q^rsjfiFk °h 6 i rri, kt stk kt ■nks Rk k htr 
RT RSTI 

kns, rrfrr, rri, kr 3 nfk k WR^stf k Rnkr, diisMn 
37k afikkkn k snj kk ti Rd^H-d k wfRjkf k kt snjsff 
k Tira-Tira niskMn 37k wtr: kt rir Rik ti 


■’TRt RiT Ttg> M<H|u^ 


Single molecule 
ol water 



nfffarH 

StktHMH 


hydrogen O 
oxygen Q 

carbon 



Single molecule t^RT cBT TTcF T7THRJ 
of glucose 



MOLECULES OF WATER AND GLUCOSE 

■qRt 3TR H-jklH k RMIU^ 

R7 kt^m k rk rr TRnwTRkt kakn k "urst 
( 1802-1880) k RRRZffk^ kt 3RR 4tPlkl kt TJRHl k 37fkf7 Sffed 
rfri wt ‘ktkkrr’ rr rrt fkm ktkkr rcr kfkr rrr t fkeRR 
RTFR kkl t ‘WRIT RT RRH’ - RTTRR ktfkcT R7g37t‘ k R1R Rlk RRTT 
r^rit Rfc^k rtr kikkn rr rii 

ttrr k ^pik k rtr kkkq kt dPdddi kt R^kt kti Rtkkr 
k rt^ qwj k r^r kki - Rikt-Rikt ^rri 3 fn enkf 371337) kt 
fRRlRR rrr ki 

kikkFr k wtfj k 3713 fkkt knkk ktk k kt' 77k kk ti 
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rtere erIet w rett^rt Et epr! EftET tral f fw#' RrM-RfRE 
ere ti 

y'lcfl-H t' RTR EE RTE 3 rM-QJr<R RRRT 10 3 22 STJJsff 
^ Et tit ti re re! snjsrf r ei4e, RitffEE, eterIer afk 
HIsEMH SPJ tit t'l EjE f WET E 3WJ Rl tit tl 

TO ERIE E ERE} R RltE RER-RER REtt-RfER RTR 
Elt tl ERIE Et fEET E tRFT ERf fETt Rl ER R EETET ET 

■HExll tl rIt $<E REE EH E yield Ei R u il f >jHKl E HjE RET 
ttETI REE REER RER-REE xn^T ETEF|Ef E ERE Et TERTEET tl 
RTR tf EIRE EIE ETT fEE EElET-RfEE t fEEE ERIE 1 , 

2, 3 sHt 4 tl RTR HRMR 1 —2—3—4 ET 1-2-4-3 ET 2-3-4- 1 ET 
3-4-2- 1 REE- REE TRlErf E RET TIER tl REE E fE WR E 24 
fEE ETtE TREE tl 


AMINO ACIDS LINKED END TO END 



RE-Rat t Ut ErNt-iffTR Et tie er! 

RET RTRE ETTT 20 RER-REE RElET-RfEE t tl EFT Ef 
24-fEfEER-fEfEER ftfEE EE E RET RTRtl REfEEE E RTR EE EE 
ERIE RETT^Rl f fR 20 REIrT OfR-RH E E RE E R#ff tftl RRT 
RETT RER-REE fWTR EE EltlET Et TRET Rl EERIE E fEER EE 
TTR IH IJ l RI TT ET EKI tttl 

EEl EtfET EtE E EtttE tit t Rfa ER RElW R ERjr 
RE lET-RfEtf E EE E RET E ERR tl EE EEl REE E EE RE Eft' 
R RE RRRE ftfEERT ftsnt ttl tl RRt RTE rIt EE EE E REtRT 
RElRT-RfEE E ER tit t - ER ERE ER RER-REE tit tl 

EElRT-RfERE ET ER ErE fEElRcl tlcll t? ETT ETTl E 41 E R 
RE HrI EtfRR ElE ^RT Rttl f fRRR wt E REtRT tt tit t? ER 
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rir dRRi rr Png dftsr dd ^rr rr t fRdrg rrt r yiildH # tti) t? 

w y?d dd RdR y?<rii dccK 1869 f P-mi Rd fdddl 
WRl# RIRld RR dtdd ( 1844-1895) dd ddPlIdd R dR R dlR 
did olid y=h Cld t { yet-, 'i qi dRl®) -i^K Rldll ddf eld dd ddfdldd dt 
dlfd (RpRddR) ^RTdl Wl ^dlPdi) R^Rd RRT dsTIR RR dRl?) dd RTR 
^pRdib-RfdTS' dRII ^PRrld>-RfdIR MlH|uj3ff R ddtd, ^itjM'P 
3TfddltRd 3fld HIsliMd R RTd-Rld dddddddl R 3RR tt ttt tl 

RR chllviohl 
SINGLE CELL 


difd 



yiildl dt ddR ft 'RjfdRR-Rfdld; R ddRRi Rt WTl^STf 
dt RTfedT R dd tit tl Rd Rtt MlH|U)3Tf dt RRlfd d dR 4 #41 dd 
dfd RR RR dll Rd 1909 3 Rdt-RdOdH dlRlddRTddt Rdfddl R dt 
ddlSH R RdR dTR Rd RddRl Rddl Rd Rlt RdRlRprf dd ^Pckdld^dl 
ddRT t 3?ld RdR RdR R 40 34*2 ttt tl 

fRdft Rf '^Pdrldi-'^Td R RdR Rd 34RFT-34RFT ^Pdrlkl^d 
did) tl Rd ^jfddldl-RfedlT dt dlfedl dddt Rdt tfd) t fdl fdd) Rd 
tft R dld^d R) R# ylildH 3RRdff 3RRT-3RRT RRtdR R dTRR 
R1 dTRR tl 

1944 R drdTRT R tdlfdR 3TRIRRR dt RddT ( 1877-1955) d 
yiildH dt RRdl ^^jfddldl-RfRRR dd Rdf 3#[R RdcdRt RRdTI 
RRTd RR TJRTdM t Rdt R ^Pckddi-RfdTS' (d) Rd R) RRRd Rt 
Rdl fdRd-^Rd TJRTdM R dRRI RRR RTdPdl d dddd dd ddR fRRI 
RRR ddR tdlfddd t ^jfdRdl-RfRRR dt RRR dt dt sflR ddR Rddd 
dd ddt dTRTRl dll dd 3Td dl Rd Rd RPHUcII df dTTR dRd (rid I 
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phosphate arouD 



C A NUCLEOTIDE 


OH H REJ^fftElERR 

1953 E flffoE WTOR^ ft^EE RE Ef feRT ( 1916- ) sfft 
EETtRft ^lPd<=b EET Ef RkEd ( 1928- ) 3 PHcdRH ^Red^-RfER ^ 
ete rr ret wni retr er tf Prette! fe rt ^fRERRRfER ^ 

ETEF|; E TgR Eft REET EE RE yPdftdPy ERTR Eft ^HTeTT tftft tl 

REffe ^jfEEE-RfER rt wj EttfR eteei e etert er 

PdftBld ETE f afk EftfR WJ EffEE ElfEET Eft ERlfE ER PdftPdd 
ET?f f efr fET REE mRuiih To ElfET fl ^PekdR-RfER RE EffEE 
WEf E ERRf ^-E\ yldPdPl ERIE t fERR E ET^ ER E ERRf EETRT 
ER fETTEE R ftft tl ERER EETRT E ^PkdE-RfEE 3TRR RT-R1R tfft 
REtET ERIE f, fEEE EREft ERE fEEEEE ERE R1RTRR tfE EFTET fl 
EEffE RjfEETE-RfERE T§E Rft REESR ^-E\ yPdPdPl ERIE t 
RTftfpTR RlcEf E ftRE ttft t sflT fftfEEIET, WEf fftfEETET ER EE Reft tl 
REE ERf EETEET Rtf tfET tl 

RT REf-REf ^PekdE- iPPRRE RERR ^-E^ yPdPdPM Rtf RRI 
RTEI EEf-EEf Eft^ ^PRedEI^R RET-EET Reft Eleft t 3?fT REE ERT 
W RRET t fEE ‘■RJRER’ ERR tl EE RET RfR RE tfET tl fftEETT 
REf Ef PskrR’ed pH<red ^E ETEET t ETRJ EdH ETf-EERT Rft <Rddl R 
REE ETE-RER R EET W ERR tf EETET tl RT ERR RE ETEf RE 
Eft EE1IE Rft RER tf REE RETRf RE ERR! ERE ERR ttEl tl 
RT REE RER ft - REFT EFTET t sftr RR Rft RREE EE tl 

RE T3JRRFR RT ERTR tf EpHE-PEEIE Rft yi<£PdE-REE 
TERR RE1 tl 
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FRANCIS H. C. CRICK JAMES D. WATSON 

<^qllf4=hl R 3lMd=b 41 =H Rit reel'll 4t 3TRFT-3TRFT, 

4t4f w\ y^iiRi4 rr 3t?zfjh f^n fr rrr rtrIft 3fR 

^jf^RT-Tffe^TT fRRT fl 

fTRT TFT fTT MK U II RR R|TEF ■HRid ■§' fe 3RTR R 350-RTTte m4 
R5RI ReFR 4M R 4t yidlRH affR ^T=ki<=b-yjy<y #tl 

RR RRT MR Ihr 41 oh <44 1|3R TTR TFT MR Ml 3RRR 

4 RRRT RMTR fR MR RTRT: RMR RRRT RIRtRT sfft ^jfMRlMT-T^R^R 
<44 MR adPlT RRR RMR RfRRT 4tfMM RT°ft 4<rl ?[3TT? 
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5 7TR3TTH cRT onRTO^r 


RtRT tpfl 3TR RRTR RRItT t fe RtffRT sft ^fRRR-fftTRR 
TTRR H$el cftR RR 3ft diR flon <fR 3HR ff chfl IFF tRRRif RFf 

C\ 

Rf RTtf eft tff Rit tf f? R HR-cK f eft RRtT ff RR ftT3F fRRT RT fR 
tRRRif RRR tRRR 'Tiff fl 

WR HR-cR f RT Riel Rtf ^fcl : ftRT tff fRRT RTI 
RR RT? fRsTPTr an ffi RTR 4dl*R ff Rtf Rtf RfcR R RTR 
Rf tRRRif RRT pff |[3TT, sft RPR Rttff RfcFT R R1R Rf R RfeTT I 
RPR Rttff' RTtf TTR R«Rt R Rf 'ftRR R Rtf tTRR Rff fft°nf Irtt 
ft'l Rttff RR fcTRTt Rtf R RTR RPR RIRR R RtRR R Rf 'RtRR 
R RRTJ tTSJR fftuf ff I 

3TR RR Raft R RR ffttTT R Rt Ref RTR Rttff ■Hlell tf 
Riff Rff RRT f ft RR RTR T?R RR RRlf R RfRR RRR R RiRJ tTSJR 
fRsnf ff? 

Wf! 3TTR RR Raft R Rt RT5 RfRR ffftRT - tTgR R, RRfR 
R, RRlft Rif Rfeff 3fR RTfeft' R 3 ft ffRRpff R Rfl 

3tR 3RR yfilR 3ft '^RTR-fftTRtT Riff ft! ftf ft fffRRT 
ft Riff ft if cl RTRt RR TJRTT tRT RTRT sfft Rff RRRT 3TcT ft RTcTTI 
yfilR sft ^fRRR-lffRRt R RtfRR RTRt Rtf R Riff Rtf ft RRRT 
RPR ff RPTTI 

R 3RR ft 350-Rtf Rf Rtf Raff R Riff RtRR Rff RTI 
3tR tTR REftT 3ft '^jfRttR-'fftRtt RRTtTTRtt R RTRR T[q; ff eft f Rff 
tRRI RfT Rf Riff Rff tRPTTI Rtf-fft RTttTR f RTRff RTRT RRttf 
RPtfl fft-Rtf R RSR 3fp Rfftt RPT sftt RPTR RRt RfRT Rif RJRSTPT 

fttffl 

RR ftffR fk ^jfRttR-TffftRH Rfett ff RTR tff RTPTR RTR 
ffttRt Rtt RftRR ftt ftR 3ft RR ^ RTRft RifffTRiTf RRtffl RT 
3TR RTRTRt R RTPtff RT RTRR Rtf 3ft M RTRif tftPtr R 
ftffl RT Rifr^lRil3ff R 3TTRT R fRRR 3ft fRfRRRT ftffl RT^iffR-RR 
R R>K U I RRR tf RtRR 3ft R Rif I RT tRR RfRR-fRRTR 
RT fRtTfRtTT ffeTT sft Rtf RlRRT k 3TTR RT RR RtRR ftf I 

R RR RtffRT 3ft ^fftTR-RftTRT 3TTfet RRR ^ft fR? 
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3 FTC W, TJcT 3 ^FHT ■gTcTT RT 7 IFK ^ 

3TR#3F RRFT ^ RiR # W RR %ftl 

3RTt?T R 3TR W\ RPJR5RT 3 3TR#3F sftl RFjrRRT 
R 3fR#3F iffqf ^ R7TRT ®Rtl RfR d J lldK c)|^d RTf 
^#T-^Ti^TcHHI^ RfelR t sftT RRR 3ff5F#3FT #5^ tl 



SINGLE-CELLED ANIMALS (MICROORGANISMS) 

TTcF *1^1*1 i| Rfa ( ^8R3fta ) 

RcfRR R RlRf ^ R7PRT, RPJJTSRT ^ RIR R R RK RFT 
^ t sfk RTR R R TRf7 qFT 3flR#3F R7T t sfk #T 
^RR f R TjcR- %RRT # RR^-^3TfcKH|^ R7T fl R7Rfa-^3(|cRI|^ 

RT 1337 TRRRJ R - TRF RTRfa 3 (k R c£ 3 PJ ^ f’l Rl-RRIR 

Xj4 RR R[R R#‘ ^ RR oH^H-Sd R RTRRtRR Rt R#f Rtl RTRRtRR 
R7t RRR RFJRRR R RTRfa-R^RTcHHi^ aff | RSRt R7T <=H^d RR 

3^R R7#T-^3T[cR||^ R7T RR7 fR9RT RTI RTR <q\ TpR^ 3?R 
?J37 W RtoR#T t 3?R RRR RFJRRRf 4 RRTR: HIsjiMH 3fR 
R7pfo-R^3RcR||^ f| 
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R2Rt RTT T^r c||^H4d RTTRR ^RT R TRT Rtl Tjt ^ RTR ^RlPd 
3Tk ^iPi ^ RR RRt f t^crid : RltttRR RTf Rial tl fRR TJ<r 3TtT tR 

^ rtrr tt rrtr rrrt Rtr-RRR rrt rrr 3#^trt rtrt ^rmh Rrt 

Rt afh RRR sRspRMH ^ RTR fRR R7^ 3RR STJ Rt Rttl 

RRRTT RRR 3TTR RRMH RT1RR RR RRTIT RTRTI RtRR - fRRR 
RR sRsttMH 3?R RRT RTRpT RTT 3RJ RTRT tl RRTfRRT - #T dlitlRH 
3fR RcR Hl^iNH RR 3RJI RTRt - Rf ^TiffRRT 3?R RRT RTRRtRR RTT 
3R3I dlttMH-Rr'+lsTR - fRRR RT RTfffRRT 3TtT RRT RRRTR RTT 3RJJ 

Rtt tl 

R£Rt RR RRt RR RRRi fRTR RTpT ssli 3fR RRRT RTtSTRRT ^ 
RRTRJ3Tf (RliffRR ^ RT 3R33Tf) RR RRTRRTT TTR RRT ‘jfRRTRT RT 
RRIRi RT® 5RT ■Rt^ff RR RRTgRTT IWT 3TRTTR RTI RR TJRT RRRTRR RT 
RTRt f 3TRTR RTRT R 3TRffRRT 3qfc RTifTRR '^eft Rttt RRfe RTJRSRT 
Rt RRT R g^TR: RtRR, RTRT 3TRffRRT, R#fTRR RRRRfR sfa RTR Rt 
RTRT Tit Rttl 

Tjt Rt ?JR t RFJRRRT R RRfTRR RTRt RT RTRTJsff RR 
R#ftRR 3frT 3TTR#RR R RTRT RtRTI ft® 3RR#RR R, RtRR sfft 
3TRtfRRT RT RTR fRTTRTT RR^R-^SfiRRTfS sfft RTRRfRR RRT^ Rtttl 
sfk ttR t^T Rlt RT RTR RRT1R ft® RR4R-^3R4HI^ RR 3TTR#RR R 
RRRTT RtRTI 

RR RRTR RTTRR R«Rt RT #T 3TRFT-3TRR RTRRRTT T# #tl 
RcfRTR R RR RT5RTRR 3frT 3TTR#RR RT #RT RT^RSRT R Rt T# tl RT 
RT1RR RtRR RR RRRR ^RT RT^TSRT (RTSRTRR R^R RR^R-^STTRRI^) 
R I3R tt, RT RTTRR RRTT RT^RSRT (3TRffRRT, RtRR sfk RltffRR) R 
f3TT ttl 

rIr-I RR RRRR 3TTR R fRR^RT fR^R RT^RSRT R TT3TT ttRT RR 
^5TTR RRR RRRT ftfeRT RRTRRRMRRt ^ Rt RR Ir^R (1892-1964) R 
1929 R fRRII 

1936 R RRTt RRTRRRTTRTt RjRTR^fe: 3Rf 3TfRlftR ( 1894- ) R 
RR RTRR RR RRR 3RRRR fRTRTI RRRR RTRRT RT fe RtRR RR^ 
RPJRRRT R Rt f3R RTRTI 

RtRR, 3TRtfRRT, RTRt 3frT sRitlRH RRRRRR RR ^tt RRTFJ tl 
RRR ^ RTRT R fRR> RtR RT RTR 3RJ Rtt tl RRR h1r5 RTT^R, 
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3tr#3f, nisiNH 3frr rrrr ^ snj, rtrr f tar 
3TtM-tffe^r rp rr rtrrj rrt rrtr ti 

^RR RR TRF yRchd tl RIHMd: RTRRJ 3#RF f^R tft 

t, 3?k r rr WTrjsrf Rft ^rt r rr# fRRRR Rtf tfti ?r rrrr 

RTRRfc RT RTRRJ RRRf ^ R1RR R fRRTRR Rt RTRRJ Rt Riff 
RRTR tl 3RTRT R fRRR fRRRTRT RR5T tfRT tl RR RTRRJ RRRt 3 RHRR 
RRTRJsff R RR RTR tl 



EARLY STAGE IN THE HISTORY OF THE EARTH 


ija^t R; ^fRiRT rtt wFRr; rrtt 
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Mt RRMjtf t tit -qwjsff mrrt, rt^-mt^ rritr w : tit 
Ml 3Tk c^MH ^3T ttRT tl 3flT tit RRRFjtf t TO MR s(t WJ 
MRRI R7^-R7^ RT MRR ^RT ttRT tl tit M<H|U|3ff Ml sit '•KHIUJ 
«MH M fRTR dcRnftcl MRRT 'gtcTT tl RR M vicHIg RM M6I RT W ttRT, 
41 oli Rt?M MIH dO'Jlt MR ■Hchdl tl 1 J s 4t M ^3hio 1 It'll f Hiyi 
f RMf RRMMf afn rr rmM Ml PsHdl MHMdl 41, ^IdiyPtelM f 
Mf[ MM aft afk Rjt Ml «JR Rf RtpRT R| tt til MMMd 
LRI^Ml-f^rM ftRR Rjt M Ml t 3#IM MRf tttl t R»t Ml RIM 

rr 3 Tf[ w f Rtf RfMt ti R»t Ml rim ri 15 rIrt w MptRr 

f 3TfMT Ml TRM w tttl tiR LRI^Ml-fMRWf MI tMRt tl RRRJ 
3MT t MRltf Mt ^ ^ R 55 ^ ^T MM IM ttRT MI MFJRtRT f R tt 
MMRtfR sift sf|R R tt 3TMRI RRT RHTR Mll^ttMRt 3TRR1 xjtt RTMR 
M RTTR R«Mt Ml RIM t 3RMR RMRltt til fRTt MRf MT dtldd RTTM 
tit RRRFJ MTIR RR Ml tit 3f|R RR sit MTMJ MR tit 3f|R RRlt 
3TM: 41q'1 Ml RJR3TRT 1|f tttl I 
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6 WR 


rrtr rrjrtr rt rrjrtr 3tr)r r r«r) rr rpjrsrt rrt fRRfR 

W RR RRT ftRT, 3fR RR RRRf ^ R^ WPJ RRRR R)RR RR RfRR 
|[3TT RTRTI RR WTR RR 3TRRTR RRW R Rfl RRT RR RRTRR RTf| RRt^RR 
RTR RTRTR 1?'? 

RRTR RRT SRTtcT 4' 350-RTRR Rfe RTR RR RTt^ RTRR-RR Rf 
RR) 1?, RR RTTRR RRT RRtSRR RR RRR R( RTT^ 3TR ci(1riI RT? 

RRT 31H(Ir) RTRTTRRRTTRRt tRRR RTt ^Rt (1893-1981) RTt R«r) 
RR RRRRRRRR RTR5TR, 3f[R RRT ^ftRR <£ RRRR RTRR R RRRf RTfR 
aftl RRRT, fRT RR R2R) RT 3TRtR Rft RftfRRfRRf RTt RRRT WTRIRTT R 
RR Rid? RR RRT RTRR RRT |T3TT RRTRR RR RRRR R#R R RFT RTRI 
■ajrt RR RRT RTTRRTR RT Rrbft RRT fRRTR ( 1 930— ) I 1952 R, 
"ajTt d fRTRR RR ‘RR’ RRTR RRR RR TTRTJR fRRTI 



STANLEY L. MILLER 

dt-d RR Ihctk 


fRRTR d RRRT Hid) RR RsJR ^R RRT RRTRfT fRRTRT fRT RRTR dlcH 
^ RTR RRR R^R Rt RTTRI fRR RRTR R^Rfd RlffTRR, 3TRTfRRT sflR RtRR 
fRRTTil fRR RRT %TT fRRR RRT RT RTTRR R«Rt RT 3TRtR RT RRJRRRr Rf 
RT^-RT^ fRRTRT-^RTRT RTI 
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FhctK 'P 1TR Hldl stlT Plyl fo?FT dHch<Li| Tf 

<rl J I Id K ^FT f^T 3^ fpR fej?T ^ srmT Vim f^FTTI ^ 
^FT m Pdc^d Pdddl ^ ¥IH «ITI 


ft^rr anch^ui 

MILLER’S APPARATUS 



focR sRT vfVrW ^T T3cR- TTW TFF <Mldl T^TI ^TRF m 1 3Fft 
^FT IF ^dldl IF FFTI sRTR fF^FT Fp5 ®Fd iftP TFHld'll RFft I 
F=F ^RT ^F m fteTC F 3WI Fp <sfld<M fF3FT FF RpSFT %FTI 

PT9FT F FF Fpf cIR 'Tiff R, RRJ FTP? F^ WTFJ 
Pld FTT fF9FT TT cbgl 3TpFF) "FfeF ^1 TTfspF FF y,=b-?Sdl FPT 

RferT FTFFJ3Tf -p iRI FFT FTI fejF-3FFFT F Rt^T FF FTF FT FFR 
R5FTT *JTI 3TTRF F FTFpTT F FTR RTF FTF R FTFf PtM-Q^F FF 
IF fF9FT F TfFJ5 ^1 

FTF F<F ^FF F IRF 4dlFF 3FTT Ff FF TFFF 

f cfr fFF WR W, FFTF Ffft F FFTFT FT#' F FFT e>3?T #FT? 
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f4FT 4 TOT 3PT TITTTTOFTfTFTf 3 4t WT %tt| 31444 
wri# 1444r pf yJ^dTO ( 1913- ) 4 w 4TPi<4 f M4f 
14ff f tttst toPt f=t>y,i ■b’Hi f? mni : "to ttf f4TOT 4 ft^-t, 
SI^TO, 3TTFTTTO 34 HIFITO 4 3H3 4f 3J5 4 TO TTF TOl4 
3t4Tf- to4 t4i 

1959 4 4 f4t TTTTTFTFTfTTOf fTOTTOF 4^ 3^ 1^ FR 
4f4TOfF 4 fTOJTT-3TTTOT FT TOFT M<444-fFTFf FT FFf F FT 4 
FTFR fFFI fTTTT 4 F#' 3T44TT-4f4TOT f44l 

3FTT TJTTTFTFTFTT 3TpTF TO 4 f4?FT HFT 3TTO WT FT 
WF 34 FF Fl4 TTsRT 4 FIT FTTf f 4 sflT Ffer 3FJ Pn^lcl? 4, 

4TTT 4 TT3TTI 

3fk wi 4 44 44 ft 4 4 ^jtotr fT 44' 14ftft ^ftt 

TOR Ft4 4 FIT 4f? 1961 4 44f-3r4fT TTTTTTOFTTFT TT3TR 3t4 
4 ^totrT 4fjt 4 FfffTO-TTRTros: 4 fptti ^i^nh-hi^hi^ 4 

FiFTO, Fl4r 4 r HIFITO FT t^F-TTF 3FJ FF 4l FTO 4 rT ^Pd^, 

Iff FrffF 4 ft ft stto ott 4 ^4ito-f4ii^ 44 4i 
ft wt 4 34 34tf 3t44-44^t 44i stttf 4 ^ 
3t44-44fr 4 sttft 4 ^ ft 44 444 (4tt) to4 i 3ft4 
■ojtTft ftr 4 4 ttff ip;i to pf tot ft fp; t - ^rorteiF; 
FT PF TOT fFTTF ^jfFTF-4f4FTT TOR tl 1962 4 344 4 ^TTORT 
4 ?tf 4 ftttoRTff; (rf ft4t, 4 f4nh sfrr pto sttftTto ft 
3H3) 4ftfi ft fit f4 ffft f FCTO3 44 4 4 ^ftRjto ft 
34 4i 

1963 4 44ff3t4M tttttftfttoT tttff 4rfj4f 
( 1923— ) 4 FT TOT^f 4 ^TT3FT 4 4 ^4 4 TORT 4 TOT FT 4l F«T 
4 f#t ttf tttf fttfTttt ft 44f 4 4ftfi ft ft 4 ttoj 4 
^JFTRWg: FTR 4 TIFF T#l f4 3r 4 TOR 4 4 ^FTEIfFTT 3TRTT 
4 ^4 tht 4fi 

stfTfT tjtttftftftT f^roT ffj^ftft (1912-) 4 pw ^tttt 
TTTF 3TTOTFI 1958 4 F#f 3r4T4-4fTTFTT FT f4 F 3TTO 4 f4 
fFFi ft 4 3r4T4-4ffTFT 3TTTTT 4 ^g£ sfir ft4 44ft 44 FCTOJ 
TO I TO f4 TO? f4 4 TOFT FTT TO 4 44 FlfFFTsfT' 44 f4 44 
4 3tfttt 4 ^g4 t4i 
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fTO 3TR TOTO? ^ TOTqTOcrfarf ^ wff % q#t 
f^sTFTT fro fqsrn #* toT qt totot if 41qn<q4) fro q qh wf qt qq 
qroqq to # tott TOtfro wNf # frot-ipr# #i 

q*TOt qq #TO TOT TO^TOT ^ ^ ^HTOK q#T TO q #t TOFT# 

TOtf toto# qft tot qti ?jtotot # ti-hito sfk qrof to tot ##35 #t# 

#> qrq TO? yi<£>[qq> TOT qlqq TOt afk q<fl 1 

1FT ftqf# #* TOTT TO W TOT TOtqq <£ qqqq q# q7^ ^pTT^T t, 

tot wtqq frotqT? wit to qrrt sffc tott qfqf qqrqq ti gq sfk qjro 
TO 1TOTO R# sin WIRT fl TO ^ STFt ^ qrqt w qq^ f 3?k 
tottot TRrraqqnqq q*rot # fqqqrqr fro ti 

TO TO #TOT TO 3#TTO TOTO TOFTcTT 1 1 TOT TOIT TOT TOTTOT 

tot il, to?t toto qqft qt i? af[q q#r qi?r to i?i w tot qlqq q? 
iroro w tot t# #fi tor t^qqt#tcrrqtTOtTOt fqrot 3 
wtqqqrqt TOTTOT fq#T - ^T 3qM-lfaTOT I 

1976 #' #t qftsjq tf^q qroq TOt tor? to tot# sfft TO#t# qqr 
TOt fqro wft toto-tori qfti to#* fqqqt ^ qjjqf #* qrofq ^ qiHiu|3ff 
qq TOtf qroffron q#f from qrofq ^ qw^stf qt 3rqrq #* qror to 

q*TOt 4# qftTOT TOT TO^TOT TOT TOTOiq tl 



VIKING ON MARS 

qrffroq to q? to 
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RF 6HI<1 R«ft RF Rp3 RFTf RtR t Rff RI6F afcrfFSJ FF anft tl 
rrtf w rf ^srts r rrtr rrritr arm ffFft ti 

arfRRlPR RRR1TR RRJ RT RcRF Rlt RRt ftft t, arR RRR RltfRR 
RRlff <=II<H R7R Rft ftt tl Rlft-Rlft Riff fFTt RRR1T 3TTRR pKdl t 
fRRR RTRt 3fR RIT^R ^ 4tPlR)T R! Rl^ 3RR ftt 1 1 

1969 R RR! frit RRR1T RRRfRRT R fRR aftF RFRR Rif 3TRRRT 
RR FJFRT ^cbddl fflRT RRTI RRRR RtRRgRRT RRR Rif FTFTTRRRTTfeTRT R 
3RRRR fflRTI RRRR RRRR3R ^ RRffRR! RRR? R 18 3RRT-3RRT 
3RM-TffRRR RTR fRRR 3 W ft ^ RT RftfRR RtRT RT RtftRT R RTR 
RTR «tl RFIRR RR RRFTR Rtf fe RRRRaff R Riff RTtfRR RFg ftl %R 
fRRRIFT ft Rff RTI RRRR RRFTR RR t fR! ftRR RT 3TRTR f ft ^FT 
RR 1 TF RT RRlf RRRR t - RTTRR RftRR Rlt aftF 3RIFTF ftf tl 

3RR RR1 R, RRT RRT t fRl RRRT RRlRRlRl f ft FTFTTRfRRT 
MfWH ftRR Rlt aftF RRR tl fRRT fflFTt RTRRtR RFFTTSTR RT RRRRaff Rt 
RR RRR RIRft tl 

RR! 3fR FRTJR f RRR! Rfff ffcTR Rlt RtrftR tl RR ?fFT ak 
tR RT ftRRRR RTRFT t Rt fRcTIR RT #R RRR RRRTR R 3TRRlf FRTRT 
RF RRR ant tl 

RR RJRT aftF tR R' RTRRTT R ft RRR RR-RRRr RR PihI u I 7T3TT 
Rll RR RTRRT atlfe! R RRtft'-RRRf' ftFT ^F fFRR t RFRJ RRR R 
FffRt-RRT ffRRRRt tl RR ^8Rt RF tt-tt RRRR 3T?RRR RR FTR1R tl 
RFR1 RRlf f ffRt-RFR fRRRRRt tl af[F RFR1 RFRRJ fRIRt 3TRRT RRRF 
Rlt ffRt-RRt RRR1 tl RFR1 RFRR| RR 3TRRt RR! SRjft tffRT-RFR 
ftft t fRR RRRR ‘ftiRFftfe’ R1RR tl 

1960 R! ftRR RRsff R ft ffRt-tfflFRitR fRRlfRR fflR fRR^ 
RRT RR #R ffRt-RFRf Rlt RR1R31 RR RRRR fRRFTRR RR RTRF FRRR 
ft RIRTI 

1968 R RR RTRRT1 R Rift aftF 3TRtfRRl R1 ‘ftlRFftfeR’ RTR RRI 
fRR 1969 R RR1 RllfR R1 RtfRRl - RRFRRlftRlR^ ^ RIF R ft RRT 
RIRTI 

1970 RT RRTR1 R 3TR 3lfRRl ^ffer 4tPlRiT RR RRT RFTTI RFR1 
R - RllfR RTRT RRT afR <^^9 RtfRRR f FTRT-3TTR 3TRJ RTR RRI 
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RADIO TELESCOPE 

v rv •s Nr- *\ 

dlw'KhlM 

ftfofT teHllditlHdl ^ ( 1915— ) 4 ^TT 3 3TFR 

"RT^T 3 y'l cTl -H sfk #7 ^ 3RIRRR *ft «Rnf I 

TTT^T WT^ «TfR R7R ^ 77^ sffc R^HHI *ft yPiJcbd *RT R7 3 
^Iq-I RTT Sllflch ^1 ^IN'a ■HRR H6<H 41cm Rffi f[3TT TRRT sfk 7IMR 

cRR 7T fft 71^ WRf 41 =H, 1 J s 4T R7 3TFTT ^1 

^ 7J5TTR w RcJR^R 73# R ^F R#f# 33# # ^ipRcb RS#t 
R7 ##R #R ^ 1|33T fR Tpft RR 7377533 7# tl ^ %2lR fR fe ##R 
ctrOsI— 'teKRl H6<H H-1 HI , sfk 7377RR <r)ob< R# #T # 7J7FT 

fad rf'I’R 4^lPl=hl R 'R^cT -JlMI l?l 

33# RTR ■Hldl "R 3TRRR f3373 sfk Ri# ®l$cK R^rll 

3TrT 
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